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Winterkill and Biomass of the Painted
Turtle in a South Dakota Wetland
STEVEN G. PLATT1, ZANNITA FAST HORSE, WARREN CROSS,
SYLVIO MANNEL, and THOMAS R RAINWATER2

Department of Math and Science, Oglala Lakota College,
P.O. Box 490, Kyle, SO 57752 (SGP, ZFH, WC, SM)
Department of Animal Science, One Shields Avenue,
University of California, Davis, CA 95616 (TRR)

ABSTRACT -- Winterkill occurs when drought conditions expose hibernating
turtles to desiccation and leth<vly cold temperatures. Winterkill is thought to
represent a major source of mortality in northern populations of the painted turtle
(Chrysemys piela), but few field observations are available. We herein reported on
catastrophic winterkill among western painted turtle (c. pieta bellii) at Limestone
Butte Lake (LBL) in western South Dakota during the winter of 2003-2004.
Additionally, we used the carcasses of winterkilled turtles (n = 86) to estimate the
standing crop biomass of the painted turtle at LBL (0.6 kg/ha). This was the only
estimate of biomass available for a painted turtle population in South Dakota and
one of only two for the Great Plains; furthermore, it was the lowest estimate from
anywhere in North America. We attributed this to several factors, including the
painted turtle probably began emigrating from LBL in response to receding water
levels before the winterkill event of 2003-2004.

Key words: biomass, Chrysemys piela, drought, South Dakota, western painted
turtle, winterkill.

The abiotic environment is a strong selective force in the evolution of life
history characteristics (Grant and Grant 1995). Ectotherms such as turtles are
especially susceptible to extreme abiotic fluctuations owing to a lack of intrinsic
lCorresponding author. Current address: Department of Biology, Box C-64, SuI
Ross State University, Alpine, TX 79832. E-mail address: splatt@sulross.edu
2Current address: 619 Palmetto Street, Mount Pleasant, SC 29464.
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thermoregulatory ability, and consequently might suffer significant mortality as a
result (Gregory 1982, Bodie and Semlitsch 2000). In particular, winterkill has been
suggested as a major source of mortality among northern populations of the
painted turtle (Chrysemys pieta) (Christiansen and Bickham 1989, St. Clair and
Gregory 1990). Winterkill most often occurs among hibernating turtles and is
thought to result from an interaction between drought conditions and low
temperatures (Christiansen and Bickham 1989). However, field observations of
winterkill in turtle populations are notable for their paucity in the literature (Bodie
and Semlitsch 2000). We herein reported on catastrophic mortality as a result of
winterkill among a population of the western painted turtle (c. pieta bellii) in
southwestern South Dakota. Additionally, this event presented us with the
opportunity to estimate the minimum standing crop biomass of the western painted
turtle on the study site. Biomass estimates are essential to understanding the role
of turtles in community organization, energy flow, and ecosystem productivity, but
are not widely available, even for many well-studied species such as the painted
turtle (Iverson 1982a, Congdon and Gibbons 1989, Vogt and Villarreal Benitez 1997,
Dodd 1998).

STUDY AREA and METHODS

Our study was conducted at Limestone Butte Lake (LBL; 43° 09' 36"N; 103°
09' 47"W), an isolated 34.4 ha man-made impoundment on the Buffalo Gap National
Grassland, approximately 5 km southeast of Olerichs, Fall River County, South
Dakota. Prior to extreme drought conditions in 2004, this shallow « 1.5 m) lake was
characterized by dense stands of cattails (Typha sp.) along the shoreline, but
otherwise contained little aquatic vegetation. Water levels dramatically declined
during 2003 (S. Platt, personal observation) owing to rainfall that was 50% below
normal throughout most of western South Dakota (Nelson-Stastny 2004), and by
early May 2004 the lakebed was completely dry. During a visit on 26 May 2004,
numerous dead painted turtles were found scattered throughout the lakebed.
Turtle carcasses retained drying and decayed flesh indicating the mortality was a
recent occurrence and did not represent an accumulation of shells from previous
years. We made repeated visits to LBL from late May through September 2004 to
search the dry lakebed and surrounding shoreline, and collect turtle carcasses.
Calipers were used to measure the straight-line carapace length (CL) of each shell
to the nearest 1.0 mm. Because CL is correlated significantly with body mass (BM)
(Iverson, 1982a), we used the equation BM = 0.4377(CL 2.542) ofIverson (l982b) to
estimate the BM (in grams) of each turtle. We then summed the BM of each turtle,
converted this value to kilograms, and divided it by the area of LBL to estimate the
minimum standing crop biomass (kg/ha) of painted turtles at LBL. Mean values are
presented as ± 1 SD.
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RESULTS
We found 86 dead painted turtles (density = 2.5 turtles/ha) at LBL in 2004,
and attributed this mortality to drought conditions that exposed hibernating turtles
to lethally low ambient temperatures during the winter of 2003-2004. The mean CL
and BM for this population were 11.6 ± 3.2 cm (range = 4.5 to 20.3 cm) and 257.0 ±
187.9 g (range = 20.0 to 922.2 g), respectively. A size distribution is presented in
Figure 1. Summing the BM for each turtle yielded a composite mass of 22.1 kg or
an estimated standing crop biomass of 0.6 kg/ha.

DISCUSSION
Populations of painted turtle in the central and northern United States and
southern Canada appear particularly susceptible to winterkill (Christiansen and
Bickham 1989, St. Clair and Gregory 1990), but there are few reports of this
phenomenon in the literature. Christiansen and Bickham (1989) recovered 186
winterkilled turtles of five speci~ from a lake in Iowa, of which 132 (71.0%) were
painted turtle. Although only 16 painted turtles occurred among 144 winterkilled
turtles of five species found in central Missouri, Bodie and Semlitsch (2000)
20
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Figure 1. Size distribution of winterkilled individuals of the western painted turtle
(n = 86) found at Limestone Butte Lake, Fall River County, South Dakota (May
through September 2004).
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concluded that based on their proportional representation in the sample, the
painted turtle was much more likely to perish from winterkill than other species.
Finally, St. Clair and Gregory (1990) observed an unspecified number of painted
turtle shells at a study site in southeastern British Columbia and attributed these to
winterkill. The painted turtle overwinters in shallow « 2 m) water, ensconced
within common muskrat (Ondatra zibethicus) and American beaver (Castor
canadensis) lodges, under overhanging banks, and buried beneath or resting on
the surface of the mud (Gregory 1982, St. Clair and Gregory 1990, Ernst et al. 1994).
Our observations and those of others (Christiansen and Bickham 1989, St. Clair and
Gregory 1990, Bodie and Semlitsch 2000) indicate that winterkill occurs when low
water levels expose overwintering turtles to desiccation and lethally cold temperatures.
Population and community level effects of winterkill on the painted turtle are
not well understood. Like most chelonians, the painted turtle possesses a unique
suite oflife history traits (e.g., delayed onset of sexual maturity, low juvenile but high
adult survivorship, long lifespan) that severely constrain the ability of populations to
recover from episodes of increased adult mortality (Congdon et al. 1993, 1994). Thus,
in the Great Plains and other semi-arid regions where droughts result in occasional
catastrophic winterkill, shallow wetlands that provide a suboptimal hibernation
environment might represent popUlation sinks (Watkinson and Sutherland 1995) in
the local metapopulation dynamics of the painted turtle. Furthermore, by decreasing
the relative abundance of freeze susceptible species such as the painted turtle,
winterkill might act as a strong selective force in structuring freshwater turtle
assemblages in these habitats (Christiansen and Bickham 1989).
The painted turtle, occurring from the Atlantic to Pacific coasts and north
from the Gulf Coast states into southern Canada, is one of the most widely
distributed freshwater che10nians in North America (Ernst et al. 1994). Despite this
extensive distribution, estimates of standing crop biomass are available only for
painted turtle populations in the eastern United States (Table 1). Our study
provided the only estimate of biomass for a painted turtle population in South
Dakota, and was one of only two estimates for the Great Plains (see also Iverson et
al. 2006). In general, estimates of standing crop biomass in turtle populations are
extrapolated from population estimates and are influenced by the same sampling
biases that affect the latter (Dodd 1998). For example, variation in the susceptibility
to capture, habitat use, and activity patterns of different age/size classes represent
potential sources of error in estimates of both population size and standing crop
biomass (Dodd 1998). Additionally, estimates of popUlation size that have not
been adjusted for unequal sex ratios and sexual size dimorphism, either of which
can be substantial for many species, are often used to calculate biomass (Congdon
et al. 1986). We largely avoided these potential sources of bias by basing our
calculations of biomass on the measurement of every individual in the population
we observed rather than on an estimate of population size.
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Table 1. Estimates of density and biomass for painted turtle populations in
lacustrine habitats. NR = not reported.
Location
Indiana
Michigan

Nebraska
New York
Pennsylvania
South Dakota
Virginia

Density
(turtles/ha)

Biomass
(kg/ha)

48.8

11.2

576.0
89.5
39.9
41.6
149.0
137.0
591.0
2.5
NR

28.2
16.6
7.2
7.2
54.7
28.3
106.4
0.6
28.3

Source
Wade and Gifford 1965,
Iverson 1982a
Gibbons 1968
Congdon et al. 1986
Congdon et al. 1986
Congdon et al. 1986
Iverson et al. 2006
Zweifel 1989
Ernst 1971, Iverson 1982a
Our study
Mitchell 1988

The painted turtle often attains high densities with correspondingly high
biomass in lacustrine habitats (Ernst et al. 1994), but the values that we found at
LBL are the lowest yet reported from anywhere within the extensive distribution of
the species (Table 1). Possibly the biomass of the painted turtle at LBL simply
reflects the low overall primary productivity of the region, but we regard this as
unlikely and attribute our results to several factors. First, it is likely that turtles
began emigrating from LBL as water levels receded during the summer and fall of
2003 and before the onset of hibernation. Increased overland emigration in
response to drought conditions has been reported in other painted turtle
populations (McAuliffe 1978, Gibbons et al. 1983, Christiansan and Bickham 1989,
Lindeman and Rabe 1990). Moreover, some large adults possibly overwintered
successfully and departed the site after emerging from hibernation in the spring of
2004. Bodie and Semlitsch (2000) found that larger individuals exhibit a higher
tolerance for freezing and desiccation than smaller individuals, and larger turtles
might also engage in different overwintering behaviors that render them less
susceptible to winterkill. Second, although we conducted a thorough search of the
study site and most carcasses proved readily obvious, we cannot dismiss the
likelihood that some dead turtles, particularly small juveniles, were overlooked.
However, small to medium sized turtles are well represented in our sample and the
few that we might have over-looked are unlikely to constitute a significant source
of error. Lastly, it is likely that scavengers such as coyote (Canis latrans), red fox
(Vu/pes vulpes), turkey vulture (Cathartes aura), and American crow (Corvus
brachyrhynchos) removed some turtle carcasses from the study site prior to and
during our investigation.
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In conclusion, our observations suggested that winterkill might be a major
source of mortality for painted turtle populations on the northern Great Plains,
particularly those inhabiting shallow wetlands vulnerable to occasional drought.
Moreover, population and community level effects of winterkill remain poorly
understood and warrant further investigation. Finally, our study highlighted the
need for additional biomass estimates from painted turtle populations in western
North America.
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Non-blackbird Avian Occurrence
and Abundance in North Dakota
Sunflower Fields
DIONN A. SCHAAP, GEORGE M. LINZ2, CURT DOETKOTT,
MARK W. LUTMAN\ and WILLIAM J. BLEIER
Department of Biological Sciences, North Dakota State University,
Fargo, ND 58105 (DAS, MWL, WJB)
U.S. Department of Agriculture, Wildlife Services, National Wildlife
Research Center, Bismarck, ND 58501 (GML)
Information Technology Services, North Dakota State University,
Fargo, ND 58105 (CD)

ABSTRACT -- Sunflower fields are well-documented as foraging habitat for fallmigrating blackbirds (Family Icteridae). There is, however, a paucity of information
on the use of sunflower fields by non-blackbirds. We assessed non-blackbird use
of 12 ripening sunflower fields in the Prairie Pothole Region of central North
Dakota. From mid-August to mid-October 2000, we counted 4,129 individual birds,
consisting of 22 families and 61 species, in the sample fields and within 5 m of the
field edges. We saw the largest number of birds from 18 September to 27
September. The Family Emberizidae (sparrows) accounted for 26% of the species
and 20% of the individual birds recorded. We also assessed the influence of
habitat factors in and around sunflower fields on bird numbers and found that
grass and weeds in sunflower fields were correlated significantly with bird
abundance.
High species richness and abundance suggested that ripening
sunflower fields and associated landscape features provided habitat in the
northern Great Plains for fall migrating birds.

I Current address: Foster County Soil Conservation District, 6720 Hwy 200,
Carrington, ND 58421.
2Corresponding author. E-mail address: George.M.Linz@usda.gov
'Current address: U. S. Department of Agriculture, Wildlife Services, Fort Collins,
CO 8052l.
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Key words: agriculture, birds, fall migration, feeding sites, habitat selection, North
Dakota, sunflower fields.

Most avian ecology studies are conducted during the breeding season,
leaving a gap in our knowledge of bird-habitat relationships at other times of the
year (PeteIjohn 2003, Tankersley and Orvis 2003), especially during migration
(Moore et al. 1994, Hutto 1998, Igl and Ballard 1999). Little is understood about
migration as a whole, and even less is known about specific stages within
migration (Russell et al. 1994), particularly stopovers, when replenishing of fat
stores occurs (Kelly et al. 1999).
Extensive landscape changes have occurred on the northern Great Plains
over the past century (Kantrud et al. 1989). Wetlands have been drained,
agricultural fields have replaced much of the native grassland, and planted trees
have brought many eastern forest birds west of their former range (Sprunt 1975).
Although crop fields generally are considered poor long-term habitat for birds
(Galle et al. 2004), crop fields can be critical stopover sites for migrants and overwintering birds (Best et al. 1998, Boutin et al. 1999, Linz et al. 2004). Availability of
energy during stopover periods is ~ritical for determining the speed and success of
migration (Schaub and lenni 2001, Rodewald and Brittingham 2002).
North Dakota growers annually harvest nearly 50% of the 1.1 million ha of
commercial sunflower grown in the United States (NDASS 2003). Sunflower is
planted at a rate of 40,000 to 50,000 plantslha from mid-May to mid-June, forms a
dense leafy canopy by late July, and is usually harvested in October and
November. Sunflower fields are well-known for providing a foraging habitat for
blackbirds (Family Icteridae) from the onset of seed formation in mid-August until
harvest (Linz and Hanzel 1997, Peer et al. 2003). As one of last crops to be
harvested, sunflower might provide habitat for non-blackbirds as well.
In fall 2000, we identified and quantified non-blackbirds in 12 ripening
sunflower fields in North Dakota. We measured habitat parameters in and around
the fields, in an attempt to correlate these factors with the number of nonblackbirds in the fields. Our aim was to evaluate sunflower as habitat for postbreeding birds.

STUDY AREA
We conducted our study in Barnes and Stutsman counties, in east-central
North Dakota (47.0° N, 98.5° W). The study area lies in the southern Drift Plains in
the Prairie Pothole Region (PPR) of the northern Great Plains (Kantrud et al. 1989).
The landscape consists of low, rolling hills resulting from glaciation during the
Wisconsin ice age, with a topsoil of fertile glacial till (Bluemle 1977). The PPR is
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known for an abundance of cattail-dominated (Typha spp.) wetlands (Kantrud et al.
1989). Originally open mixed-grass prairie, most of the PPR now has been
converted to cropland, and planted tree rows are common. In 2000, growers in
these counties planted barley (125,506 ha), soybeans (87,044 ha), sunflower (64,251
ha), canola (59,700 ha), flaxseed (15,142 ha), wheat (334,210 ha), com (51, 417 ha),
and hay (76,518 ha; NDASS 2001).

METHODS

We established 10 census points in each of 12 randomly selected sunflower
fields (range 26.1 - 65.8 ha). Six census points were located 25 m from the field
perimeter with a minimum inter-distance of 200 m. Four census points were located
in the field interior at a distance from other points of at least 50 m and no farther
than the lesser of 300 m or half the width of the field. Each field had at least one
wetland within 75 m of the field edge.
Between 22 August and 11 October, two trained observers (DAS and MWL)
counted birds from a 1.8 m stepladder in each field 7 times. Except for the last
round, which was altered to accdmmodate the growers' harvest plans, fields were
visited in the same order during each round of surveys. The direction of travel to
the count points was reversed from the previous visit and the two observers
alternated among fields.
We began each survey 15 min after sunrise. We maintained a 2-min quiet
period at each census point, followed by an 8-min survey, which was divided into
the first 5 min and last 3 min. We recorded distance and habitat where the bird was
first detected. Counts were completed in 3 to 4 hr, depending on the distance
between count points.
We collected vegetation data from 31 August to 19 September and from 23
September to 3 October. We established three I-m diameter vegetation plots around
each census point and identified all plant species. Percent cover was estimated for
grasses, and the number of stems was counted for all forbs and for sunflower. We
took aerial photographs of the fields and surrounding habitat with a Cannon EOS 650
35-mm SLR camera loaded with Ektachrome 100 film. These photographs were
rectified, then analyzed by using ArcView GIS 3.2 (Mitchell 1999) software to
quantify the area of available habitat cover types. Habitat area was determined
within 100 m of a census point by using concentric 25 m buffers, and within 805 m
(width of a legal quarter section, a common size for adjacent fields) of the study field.
Distance to each habitat type and distance to sunflower edge also were measured
from each census point. Nearby crops were identified by using the 2000 National
Agricultural Statistics Service Cropland Data Layer for North Dakota (NASS 2000).
Descriptive statistics (Johnson 1977) were calculated for bird observations within 25 m of each census point, both for foraging groups and for
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species seen on greater than or equal to 10% of surveys. Due to heavy foliage
cover, the majority of birds were detected less than or equal to 25 m. The bird
groups used in the data analysis were warblers, all insect- and fruit-eating
birds, sparrows, non-blackbird granivores, and all non-blackbird bird species.
Descriptive statistics were calculated for the area of different habitat types and
wetland classes within 805 m of the fields. Descriptive statistics also were
calculated for sunflower density, grass cover, and forb counts on each field,
and for all plant species that occurred on greater than or equal to 10% of all
census points.
We used Pearson product-moment correlations to examine bird-habitat
relationships for birds counted in sunflower less than or equal to 25 m of the count
points. The bird groups used in the data analysis were warblers, all insect- and
fruit-eating birds, sparrows, non-blackbird granivores, and all non-blackbird
species. We also correlated the number of birds detected in each field against the
proportion of each habitat type less than or equal to 805 m of the fields and against
vegetation factors at the field level. The small sample size (N = 12) makes weak
correlations unreliable; therefore, only strong correlations (r ;::: 0.6) are reported.
Strong, statistically significant correlations that appeared to be driven by outliers
.
also were rejected.

.

RESULTS

Within the perimeter of the sunflower fields, wetlands were the main
non crop habitat (Fig. I). The most common habitat types around sunflower
fields were small grains and wetlands. All study fields had small areas of
adjacent tree rows. The only plant species meeting the occurrence criterion
(present on at least 10% of all census points) were pigeon grass (Setaria
viridis), black nightshade (Solanum ptychanthum), and field sowthistle
(Sonchus arvensis). The percent coverage of all grasses (mostly pigeongrass)
and stem counts of forbs (black nightshade and field sowthistle) varied among
fields. Mean sunflower density was similar among fields, averaging 4.6 stems/
l-m diameter circle (± 0.28 95% c.I.). Visual obstruction and canopy cover
changed as the plants matured and the leaves wilted. This increased visibility
of birds within a few meters of the census point, but very few birds would
approach that close to the observer. The majority of birds observed continued
to be those perched on or near the sunflower heads.
Due to time of year and post-breeding status of birds, most birds were calling
rather than singing. We detected 69% of birds during the first 5 min of the 8-min
counts. About 88% of birds were detected either by sight or by both sight and
sound. Only common yellowthroat (Geothlypis trichas) could be identified by
calls.
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Figure 1. Mean area (± 95% CI) of habitat types within 805 m of 12 sunflower
fields in Barnes and Stutsman counties, North Dakota.

We counted 4,129 individual birds, consisting of 22 families and 61
species, in the sample fields and within 5 m of the field edges. We observed
2,405 in or foraging just above the sunflowers, including 246 (10%) unidentified
passerines. The Family Emberizidae (sparrows) accounted for 33% of the
species and 38% of the individual birds recorded in sunflower (Table 1). The
Families Fringillidae (finches) and Columbidae (doves) made up 17% and 8%,
respectively, of the birds counted. Other notable granivores included gallinaceous birds (Family Phasianidae), crows and jays (Family Corvidae), and blackcapped chickadee (Poecillus articapillus) (Family Paridae). We also observed
four species of swallows (Family Hirundinidae) foraging over the fields and
four species of warblers (Family Parulidae) feeding in the canopy of the
sunflowers. These two families of insectivores made up 13% of the total
number of birds counted in the fields. Raptors, especially northern harrier
(Circus cyaneus) (Family Accipitridae), commonly were observed searching the
fields for prey.
Seven bird species were observed on greater than 10% of the counts. These
species included American goldfinch (Carduelis tristis) (mean = 5.9 ± 1.68 95% CI),
American robin (Turdus migratorus) (mean = l.l ± 0.79 95% CI), clay-colored
sparrow (Spizella pallida) (mean = 0.5 ± 0.28 95% CI), mourning dove (Zenaida
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Figure 2. Mean number (± 95% CI) of common bird groups observed in 12
sunflower fields during survey rounds in Barnes and Stutsman counties, North
Dakota. Round 1 - August 22-30, Round 2 - August 29-September 6, Round 3 September 4-12, Round 4 - September 12-19, Round 5 - September 18-27, Round 6 September 27-0ctober 4, and Round 7 - October 4-1l. Overlapping dates are due to
weather delays and the use of two observers.
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Table 1. Avian species detected during point counts, from mid-August to midOctober 2000, in ripening sunflower fields in Barnes and Stutsman counties, North
Dakota.

Common Name

Phasianidae
Ring-necked pheasant
Gray partridge
Sharp-tailed grouse
Accipitridae
Northern harrier
Sharp-shinned hawk
Swainson's hawk
Red-tailed hawk
Unidentified hawk
Falconidae
American kestrel
Charadriidae
Killdeer
Scolopacidae
Common snipe
Columbidae
Rock pigeon
Mourning dove
Unidentified Strigidae
Apodidae
Chimney swift
Trochilidae
Ruby-throated
hummingbird
Picidae
Downy woodpecker
Hairy woodpecker
Northern flicker
Tyrannidae
Willow flycatcher
Unidentified flycatcher
Western kingbird
Eastern kingbird

Scientific Name

Phasianus colchicus
Perdix perdix
Tympanuchus phasianellus

Total
for all
Distancesab

II
I

Frequency of
Occurrence
(N=84)

19

6
I
3

59
5
8
3

39
5
6
3

22

10

22

437

5
73

Picoides pubescens
Picoides villosus
Colaptes auratus

6
I
6

6
I
4

Empidonax traillii
Empidonax spp.
Tyrannus verticaLis
Tyrannus tyrannus

3
4
2
24

2
3
1
8

Circus cyaneus
Accipiter striatus
Buteo swainsoni
Buteo jamaicensis
Accipiter sp.
FalclY sparverius
Charadrius vociferus
Gallinago gallinago
Columba Livia
Zenaida macroura

Chaetura pelagica

A rchilochus colubris
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Table 1, continued.
Common Name

Corvidae
Blue jay
American Crow
Hirundinidae
Tree swallow
Northern rough-winged
swallow
Bam swallow
Bank swallow
Paridae
Black -capped
chickadee
Troglodytidae
House wren
Sedge wren
Marsh wren
Unidentified wren
Turdidae
American robin
Mimidae
Brown thrasher
Parulidae
Yellow-rumped warbler
Palm warbler
Mourning warbler
Common yellowthroat
Unidentified Warblers
Emberizidae
American tree sparrow
Clay-colored sparrow
Field sparrow
Vesper sparrow
Savannah sparrow
Grasshopper sparrow
Le Conte's sparrow
Sharp-tailed sparrow
Song sparrow
Lincoln's sparrow
Swamp sparrow

Scientific Name

Total
for all
Distances,b

Frequency of
Occurrence
(N=84)

Cyanoeitfa eristata
Corvus braehyrhynehos

53
54

12
IS

Taehycineta bieolor

25

9

92
224
67

12
37
II

Poeeile atrieapillus

35

17

Troglodvtes aedon
CLftothorus platensis
Cistothorus palustris

12
2
28

8
2
14

249

46

29
97

8
14

22
14

16
9

55
22
18
66
131
3

21
12
7
17
7
3

175
26

44
II

Stelgidopteryx serripennis
Hirundo rustiea
Riparia riparia

Turdus migratorius
Toxostoma rufum
Dendroica coronata
Dendroiea palmarum
Oporornis philadelphia
GeothZvpis triehas

Spizella arhorea
Spizella pallida
Spizella pus ilia
Pooecetes gramineus
Passerculus sandwichensis
Ammodramus savannarum
Ammodramus leeonteii
Ammodramus nelsoni
Melospiza melodia
Melospiza lineolnii
Melo,lpiza georgiana
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Table 1, continued.
Common Name

Scientific Name

White-throated sparrow
Harris' sparrow
White-crowned
sparrow
Dark -eyed junco
Smith's longspur
Unidentified sparrows
a
lcteridae
Bobolink
Western meadowlark
Brown-headed cowbird
Orchard oriole
Baltimore oriole
Fringillidae
Purple finch
HOllse finch
American goldfinch
Passeridae
1·lollse sparrow
Unidentified Passerines
Unidentified bird

Zonotrichia alhicollis
Zonotrichia querula
Zonotrichia leucophrys
Junco hyemalis
Calcarius pictus

Dolichonyx oryzivorus
Sturnella neglecta
Molothrus ater
!eterus spurius
Icterus galhula

Carp~)dacus purpureus
Carpodacus mexican us
Carduelis tristis

Total
for all
Distancesab

Frequency of
Occurrence
(N=84)

7
37

4
7

4
52
8
237

2
9
3
67

I

I

6
3

2

2
I

1280

82

343

43

Passer domesticus

I

"Counts are based on the total for 10 census points per field. Red-winged blackbird
(Agelaills phoeniceus), yellow-headed blackbird (Xanthocephalus xanthocephalus), and
common grackle (Quiscalus quiscu/a) are not included.
hBirds beyond 25 m were counted only if identifiable at least to genus.

macroum) (mean = l.0 ± 0.27 95% CI), savannah sparrow (Passerculus
sandwich ens is) (mean = 0.6, ± 0.60 95% CI), song sparrow (Melospiza melodia)
(mean = l.l ± 0.47 95% CI), and palm warbler (Dendrocia palmarum) (mean = 0.6 ±
0.76 95% CI). The numbers of warblers, sparrows, and granivores tended to vary
among the seven survey rounds as the fall migration progressed (Fig. 2).
The effects of migration upon bird detections were noticeable, both when
charting dates of species observations and in the pattern of numbers recorded for
several species and groups of birds. In most cases, migration patterns were
consistent with the expected migration periods of the birds in question. We saw
the largest number of granivores and insectivores from 18 September to 27
September (Fig. 2). At this point, most of the sunflower fields had just reached
physiological maturity.
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Table 2. Pearson correlation coefficients for bird species and groups against
proportion of habitat types around 12 study sunflower fields in Barnes and
Stutsman counties, North Dakota.
Bird Species or Group

Habitat Type

Insectivores
Savannah sparrow
Song sparrow
American robin
a
Non-sparrow granivores
Yellow-rumped warbler
Yellow-rumped warbler
Clay-colored sparrow
Insectivores
Savannah sparrow

Grass/hay
Grass/hay
Grass/hay
Yards
Beans
Wetlands
Grass/hay
Grains
Roads
Roads

P
0.78
0.71
0.62
0.65
0.62
-0.59
-0.60
-0.65
-0.68
-0.74

0.003
0.010
0.030
0.023
0.032
0.045
0.040
0.023
0.016
0.006

'Non-sparrow granivores also do not include American goldfinch, mourning dove, or
blackbirds, which included red-winged blackbird, yellow-headed blackbird, and common
grackle.

Table 3. Pearson correlation coefficients for bird species and groups against
average vegetation measurements in 12 sunflower fields in Barnes and Stutsman
counties, North Dakota.
Bird Species or Taxonomic Group

Vegetation Measurement

Insectivoresa
Palm warbler
Palm warbler
Savannah sparrow

% Grass coverb
b
% Grass cover
Number of Polygonum stems
Number of forb stems

r

P

0.76
0.68
0.66
0.70

0.004
0.015
0.018
0.012

aThe most common insectivore was palm warbler.
bNearly all grass cover was pigeon grass.

Pearson correlations indicated that habitat surrounding the sunflower fields
influenced bird use. For example, insectivores, savannah sparrow, and song
sparrow were positively associated with grass and haylands (Table 2). We found
that the yellow-rumped warbler (Dendorica coronata) was influenced negatively
by the presence of wetlands and grass and hay lands, whereas insectivores and
savannah sparrow were associated negatively with roads. Vegetation within fields
also appeared to affect the presence of some birds (Table 3). For example, palm
warbler numbers were correlated positively to percent grass cover and number of
Polygonum spp. stems, and savannah sparrow numbers were correlated positively
with the number of forb stems.
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DISCUSSION
To our knowledge, our data represented the first documentation of nonblackbird species using ripening sunflower fields. We found that birds consistently used sunflower fields throughout late summer and early fall, with the largest
number of birds recorded during migration in late September. Of 15 sparrow
species known to breed in eastern North Dakota (Stewart 1975), we recorded 9 in
sunflower fields. Of these, grasshopper sparrow and clay-colored sparrow are two
species of some management concern (Thompson et a1. 1993). Heavy cover and
absence of singing precluded identification of a large number of sparrows, so it is
possible other less common sparrow species were present.
The Eastern kingbird (Tyrannus tyrannus) also was common, but it begins
migrating south in late August and early September (South Dakota Ornithologists'
Union 1991) and was last seen in sunflower on 4 September. In comparison, the
American goldfinch is a late breeder that prefers brush and shrubby habitats for
nesting, and is attracted to seeds of composite plants (Middleton 1993). These
preferences potentially explain why the American goldfinch is common in
sunflower fields.
Bird attraction to the rich food source found in ripening sunflower and
associated weeds and insects might override most other factors when selecting
foraging habitat. Many birds preferred areas within the sunflower that contain
grasses and other weeds; whereas, non-weedy areas farther from field edges and
wetlands tended to have fewer birds. Sunflower has not been modified genetically
to allow weed control with herbicides; thus, some study fields contained heavy
stands of seed-bearing weeds suited for granivores. Finally, wild sunflower is
native to North American and, as a result, a complex array of insect foraging guilds
have adapted to living in sunflower fields (Charlet et a1. 1997), that can provide
migrating insectivores an abundance of prey, particularly if pesticides are not used.
We speculate that a good interspersion of habitats, including wetlands and
tree rows, might enhance the attractiveness of sunflower fields. Additionally, the
sunflower stalks and canopy might serve as a dense shrub-like habitat that offers
concealment from predators and protection during inclement weather (Lindstrom
1990). Harvested fields will be used by residents, winter migrants, and spring
migrants when the ground is free of snow (Galle et a1. 2004). Leaving some
standing sunflower will provide another source of cover and food during periods
of heavy snow.
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Using Local Knowledge and Remote
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Prairie-chicken Distribution in Kansas
MICHAEL E. HOUTS1, RANDY D. RODGERS, ROGER D. APPLEGATE, and
WILLIAM H. BUSBY

Kansas Applied Remote Sensing Program, Kansas Biological Survey,
Lawrence, KS 66045 (MEH)
Kansas Department of Wildlife and Parks, Hays, KS 67601 (RDR)
Tennessee Wildlife Resources Agency, Nashville, TN 37220 (RDA)
Kansas Biological Survey, Lawrence, KS 66045 (WHB)

ABSTRACT -- The greater prairie-chicken (Tympanuchus cupido) and lesser

prairie-chicken (Tympanuchus pallidicinctus) have experienced considerable
fluctuations in their range and distribution over time. Having current range
maps would help wildlife managers and policy makers with decisions regarding
prairie-chicken habitat. To create an updated and accurate map of the Kansas
prairie-chicken range, a two-pronged approach was implemented. First, a map
of potential habitat was created by using known habitat preferences and
avoidance factors. Second, a preliminary map showing the distribution of
greater and lesser prairie-chickens was created and mailed to regional experts
for comments and edits. The returned edits were processed to produce a
current and accurate map of prairie-chickens in Kansas that has been updated
annually as necessary.
Key words: greater prairie-chicken, Kansas, lesser prairie-chicken, range maps,
remote sensing, Tympanuchus cupido, Tympanuchus pallidicinctus.

Though greater prairie-chicken (Tympanuchus cupido) and lesser prairiechicken (Tympanuchus pallidicinctus) use somewhat different grassland habitats,
populations of both species have declined due to losses in habitat quantity and
lCorresponding author. E-mail address: mhouts@ku.edu
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quality. Wildlife biologists have monitored these losses, but due to the seclusive
nature of these birds during most of the year, keeping distribution maps current
is difficult. Horak (1985) compiled historic distribution maps of Kansas prairiechicken ranges for four time periods (pre-European settlement, 1950, 1962, and
1980) that showed range changes over time. Recognizing continued pressures
on habitat, the Kansas Department of Wildlife and Parks and the Kansas
Applied Remote Sensing program (KARS, a branch of the Kansas Biological
Survey) worked together to create an updated map of greater and lesser prairiechicken distribution in Kansas. The final product was an Arc shapefile
available by request and later included in the online Wind Resource Planner
GIS application (WRP 2008).
The greater prairie-chicken (GPC) has experienced a major reduction to its
original range and population size. Once occUlTing from the east coast west to
Colorado, and from Canada to Texas, it had a population in the late 1800's in the
millions (mainly concentrated in Kansas, Nebraska, and South Dakota). At present,
the GPC is extirpated in 15 states (Johnsgard 1973, Schroeder and Robb 1993,
Robbins et al. 2002)
The lesser prairie-chicken (LPC) has lost much of its original population size and habitat due to the conversion of rangeland to cropland,
improper grazing management, and human developments. Historically and
currently, the LPC has the smallest population and most restricted distribution of all grouse species in North America (Giesen 1998). Presently, LPC
occurs only in Colorado, Kansas, New Mexico, Oklahoma, and Texas
(Applegate and Riley 1998). Habitat loss did not occur as quickly for the
LPC as for the GPC because the more arid short and mixed-grass prairie and
semi-arid shrub lands of the western Great Plains were less attractive for
agricultural development. According to Sexson (1983), sandsage-prairie
habitats within the range of the LPC declined in the 1960's and 1970's
when the introduction and spread of center-pivot irrigation facilitated
widespread conversion of these prairies to irrigated croplands. Between
the 1800's and 1980, LPC range decreased by 92%, with 78% of that
occurring since 1963 (Taylor and Guthery 1980). In 1995, the United States
Fish and Wildlife Service was petitioned to list the LPC as threatened
under the Endangered Species Act.
The species was not listed as
threatened or endangered, but was placed on the list of candidate species.
Even though conversion of grasslands to cropland has been the
primary threat to habitats of both GPC and LPC in Kansas, habitat
degradation due to tree encroachment, oil and gas development, and other
factors is a major concern. With increasing pressures on prairie-chicken
habitat from proposed wind power facilities and other development, an
updated map showing the current distribution of GPC and LPC throughout
the state was needed.
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METHODS
Because we were interested in mapping both potential and known prairiechicken distributions in Kansas, two approaches were used. First, the potential
prairie-chicken distribution was mapped by identifying and buffering suitable
habitat by using a state landcover map. Second, known distributions were mapped
by surveying regional experts across the state. Hereafter, these maps are
respectively referred to as the "habitat-modeled" and "expert-delineated" maps. By
employing this two-pronged approach, the two independently generated maps
could be compared to identify areas of non-overlap that warrant future investigation.
Using ERDAS (2007) Imagine software to process the Kansas GAP vegetation map (Cully et al. 2002), we were able to identify eight vegetation communities
(sandsage shrub land, tallgrass prairie, sand prairie, western wheatgrass, sandstone glade/prairie, mixed prairie, shortgrass prairie, and Conservation Reserve
Program grasslands) (Lauver et al. 1999) that could be suitable for prairie-chicken
habitat depending on the vegetation structure present. The eight classes were
recoded to a single value (1) atld subset, and then a clump and sieve procedure
was used to remove patches smaller than 2 square miles, or 518 ha (1280 acres).
This patch size was selected after a number of attempts using smaller patches,
which, due to the highly interconnected nature of Kansas grasslands (fence rows
and other narrow corridors), left too much geographic area (as opposed to
calculated surface area) in the data set.
With the primary potential prairie-chicken habitat identified, two additional
modifications were made. First, a 1.6 km (I-mile) buffer around grassland patches
was added to account for movement and feeding patterns. This buffer distance
was selected as a reasonable estimate of the regular movements. Second, an
avoidance factor was added to account for land cover features that prairie-chickens
are known to avoid and a one-sixteenth of 1.6 km (lmile) buffer was created around
these negative associations. Land cover classes that were avoided included
upland and riparian woodland classes, and urban area. The avoidance distance
was adapted from those documented for overhead transmission lines (Robel et al.
2004, Pitman et al. 2005) as trees also serve as roosting sites for predators and
would likely be similarly avoided. As a last step, the avoidance area was removed
from the suitable habitat area.
Realizing it was not feasible to find and map every prairie-chicken lek, we
used ESRI (2008) ArcGIS software, to create a draft map of the known distribution
of prairie-chickens in Kansas by combining our own personal knowledge of prairiechicken distributions in the state with the Kansas GAP landcover map onto a series
of transparencies. These transparencies were scanned, geo-referenced, mosaiced,
and digitized to create a digital outline of GPC and LPC distribution. This rough
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delineation was used to create a map that was mailed to regional experts for
comments and edits. A series of three maps were created by dividing the state into
thirds (eastern, central, and western). Each region showed the draft prairie-chicken
distributions overlaid on a generalized GAP vegetation map with ancillary data
such as county boundaries and major highways to provide spatial reference. Draft
maps were distributed in late winter so that recipients would have the option of
conducting field assessments during the spring lek displays.
The edits were compiled onto a single new map that was then returned to
KARS where the GIS vector layers of the GPC and LPC distribution ranges were
edited to match the revised map. The revised map was then mailed out again to the
same group of people for verification. Any additional edits were compiled and the
necessary changes made to the GIS coverage.

RESUL TS and DISCUSSION

We found that use of a mailing to regional experts to request the
identification of known prairie-chicken habitat worked reasonably well. Of the 129
people that received regional maps 'for edits, 16 people responded with edited maps
and 20 commented that no changes were necessary for their area. We speculate
that many of the 93 persons who did not respond saw no need for changes for their
areas of geographic familiarity. Once aggregated, the resulting infonllation
provided the necessary knowledge base to create an up-to-date expert-delineated
map of the range of GPC and LPC in Kansas (Fig. I).
Efforts to use the Kansas GAP vegetation map to identifY suitable prairie-chicken
habitat also appeared to be successful, with the resulting habitat-modeled map
producing distributional patterns similar to those identified by the expert-delineated
map (Fig. 2). By setting the clump-sieve threshold to 2 square miles, or 518 ha (1280 ac),
many of the smaller parcels were eliminated from the map of suitable habitat, which
would have resulted in a gross overestimation of suitable habitat. When finished, the
expert-delineated map showed a range covering 2,903,364 ha (7,174,369 ac) for LPC
while the habitat-modeled map showed 2,221,133 ha (5,488,539 ac) ofLPC habitat. The
expert-delineated map showed a range covering 8,078,847 ha (19,963,266 ac) for GPC
while the habitat-modeled map showed only 4,655,941 ha (11,505,083 ac) ofGPC habitat.
When combined, the total expert-delineated range for GPC and LPC (accounting for
overlap areas) was 10,064,883 ha (24,870,868 ac) and the total habitat-modeled map
(including the buffered area) totaled 9,062,952 ha (22,395,042 ac), for a difference of
1,001,931 ha (2,475,826 ac).
Some of these differences in area can be explained by the generalized pattern
of the expert-delineated range map, which included areas such as small riparian
corridors, as suitable whereas the more-detailed habitat-modeled map identified
such areas as being unsuitable. In addition to identifying and excluding unsuitable
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habitat, the habitat-modeled map included large areas of grassland habitat in far
western, south central, and southeastern portions of the state that were not
delineated by experts as currently occupied by prairie-chickens. Closer examination of these areas generally explained theses discrepancies. The habitat areas in
southeastern and south central Kansas are highly fragmented by encroaching
woody species and thus are not suitable for prairie-chickens. Conversely,
extensive shortgrass prairie habitats in semi-arid western Kansas have insufficient
structural and height diversity for these birds.
The prairie-chicken range maps have received a positive response from
wildlife biologists and other parties interested in prairie-chicken conservation. In
the two years since the initial map was created, the map has undergone only minor
changes as additional information has become available. We suggest a survey of
regional experts works well for species that are identified easily but often seclusive,
like prairie-chickens, though the timing of the survey is important so that
appropriate field observations can be made in areas of question.
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ABSTRACT -- Cottonmill Lake, a 17.4 ha impoundment located in Buffalo County,
Nebraska, was a fishery dominated by common carp (Cyprinus carpio). As a result
of the poor sportfish populations, angler participation in May and June of 1993 was
low (503 ± 210 angler hours) and angler catch rates for all fish species (0.5 ± 0.4
fish/angler hour) was less than desired. In 1995, before rehabilitation, bluegill
(Lepomis macrochirus) trap net catch per unit effort (CPUE) was 1.5 ± 0.9,
largemouth bass (Micropterus salmoides) catch per hour of electrofishing was 8.0
± 0.5, and channel catfish (Ictalurus punctatus) CPUE in gill nets was 7.5 ± 2.5. In
1999, the Nebraska Game and Parks Commission (NGPC) and city of Kearney
completed a lake rehabilitation project at Cottonmill Lake by removing 84,995 m3

(300,000 ft3) of sediment and adding two islands and four breakwater jetties.
Standardized NGPC fishery survey conducted in 2003, four years after rehabilitation, found a significant increase in number of bluegill (CPUE = 28.3 ± 7.4; p =
0.012; F = 12.86; df= 1) and largemouth bass (CPUE = 496.0 ± 5.8; p < 0.001; F =
34.33; df= 1). In addition, angler participation in May and June 2006 was higher
after rehabilitation (11,122 ± 1,333 angler hours), and angler catch rates for all
species (1.5 ± 0.4 fish/angler hour) increased. The estimated angler expenditure
while fishing at Cottonmill Lake during May and June 2006 increased to $367,026 in
2006 from an estimated $26,004 during May and June 1993.

lCorresponding author. E-mail address: brad.newcomb@nebraska.gov
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Key words: angler participation, creel survey, lake rehabilitation, Nebraska,
quality fishery.

Aquatic habitat rehabilitation projects are conducted to improve fish habitat
that has been lost or degraded due to natural aging and anthropogenic impacts
(Allen et al. 2003). Healthy aquatic habitat is critical to develop a quality fishery
and fisheries managers need to consider the entire lake ecosystem for improvements made to aquatic habitat (Minns et al. 1996, Willis et al. 2004). A successful
lake rehabilitation project not only improves the quality of aquatic habitat, but also
can increase the value of the resource (Bradshaw 1996).
In the Midwest, sedimentation contributes to degraded water quality and lake
aging by decreasing water volume, smothering fish spawning sites, reducing
diversity and abundance of aquatic life, and encouraging macrophytes (Summerfelt
1999). Sedimentation also increases the rate of lake eutrophication. Secondary
problems associated with eutrophication include: increased frequency of algal
blooms, decreased water transparency, increased density of littoral macrophytes,
and increased occurrences of summer and winterkill events.
An additional threat to many Midwest fisheries is the presence of common
carp (Cyprinus carpio). Common carp can affect lake water quality by increasing
turbidity (Forester and Lawrence 1978). Increased turbidity has been linked to
reduced growth in sportfish (Moorman 1957) and a decline in recruitment success
of bluegill (Lepomis macrochirus) and largemouth bass (Micropterus salmoides)
(Forester and Lawrence 1978, Baur et al. 1979).
Cottonmill Lake, a 17.4 ha impoundment located 2.4 km west of Kearney,
Nebraska, in Buffalo County, was an example of a Midwest lake that had
experienced heavy sedimentation and had an abundance of "rough fish". The
average depth of Cotton mill Lake was reduced from 3.6 m in the pre-1900's to 0.6 m
in 1994 (Brakhage 2006) and in 1995 rough fish comprised 87% of the total fish
captured during the standardized fish survey. In 1997, the Nebraska Game and
Parks Commission (NGPC) and the city of Kearney initiated a lake rehabilitation
project at Cottonmill Lake (Fig. 1). Project highlights included the removal of
approximately 84,995 m3 (300,000 ft3) of accumulated sediment, fish population
renovation, and creation of four breakwater jetties, two islands, and several
underwater structures including: rock piles, wooden cribs, and cedar trees
(Juniperus virginiana) to benefit Centrarchidae species (Rogers and Bergersen
1999). Along with the jetties and islands, a new pump system for pumping water
from the Kearney Canal into Cottonmill Lake was installed to reduce future
sedimentation problems. The rehabilitation project was completed in 1999 and
post-project evaluation efforts continued through 2006. In 1999, bluegill and
largemouth bass fingerlings were stocked at a rate of 1,00010.4047 ha (l,OOO/acre)
and 100/0.4047 ha (lOO/acre), respectively. Channel catfish (lctalurus punctatus)
were stocked at a rate of 50/0.4047 ha (50/acre). Largemouth bass were stocked
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breakwater jetty built to protect boat access site and reduce shoreline erosion
wing dike built to protect co ve and shoreline from erosion
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Figure 1. Aerial view of Cottonmill Lake m 1999 after completion of a lake
re habi Iitation project.

twice in 2000 and channel catfish were stocked every year except 2004 and 2006
fo llowing the initial stocking. The objective of our study was to evaluate pre- and
post-rehabilitation: (1) relative abundance oflargemouth bass, bluegill, and channel
catfish; (2) angler participation; and (3) angler catch rates for largemouth bass,
bluegill, and channel catfish.

METHODS
Standardized population surveys conslstmg of trap and gill netting and
electrofishing were completed in May 1995 prior to rehabilitation and following
completion of rehabilitation in May 2003. Trap netting was completed at four sites
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by using one double-throated trap net (1.27 m x 0.86 m frames with 2.5 cm stretch
mesh) per site. Trap nets were set perpendicular to shore with the lead line
extended to approximately 1 m in depth and fished overnight. Electrofishing, using
pulsed-DC current (300 Volts and 6-7 Amps), consisted of four 15 minute stations.
Experimental gill nets were set in open water and allowed to fish overnight. The gill
nets were 45.7-m long by 1.8-m deep, and consisted of six 7.6-m panels with bar
mesh sizes of 19, 25, 38, 51, 64, and 76 mm. Catch per unit effort (CPUE) was the
number of fish collected per net night for trap and gill nets and for electrofishings
was the number of fish collected per hour of electrofishing. CPUE from the 1995
and 2003 standardized surveys for bluegill, largemouth bass, and channel catfish
were analyzed by using an Analysis of Variance (ANOVA) and statistical
significance was set a priori at p = 0.05. Each species was analyzed separately and
all means are presented ± SE.
Pre-rehabilitation creel survey data were collected in May and June 1993 from
Cottonmill Lake and a post-rehabilitation creel survey was completed in May and
June 2006. A roving creel survey with 10 sampling periods was conducted each
month. Three time strata were chosen for the sampling periods (0600-1100 hours,
\\ 00-\600 hours, 1600-2\ 00 hours). NGPC Creel Software (Newcomb 1992) was
used to design the survey schedule and analyze collected data. Creel survey
results (means ± SE) were compared year to year and evaluated to determine
increases or decreases.

RESULTS
Results from standardized sampling showed an increase in CPUE of target
fish species at Cottonmill Lake after the rehabilitation. Bluegill CPUE increased
from 1.5 ± 0.9 to 28.3 ± 7.4, electrofishing CPUE for largemouth bass increased from
8.0 ± 0.5 to 496.0 ± 5.8, and gill net CPUE for channel catfish went from 7.5 ± 2.5 to
34.0 ± 15.0 (Table 1). The increases in CPUE were significant for bluegill (p = 0.012;
F = 12.86; df= 1) and largemouth bass (p < 0.001; F = 34.33; df= 1), but not for
channel catfish (p = 0.224).
Results from creel surveys showed an increase in numbers of target fish
species caught, estimated number of angler trips, estimated hours fishing, and
overall catch rates. A total of 394 ± 164 angling trips resulted in an estimated 503
± 210 hours of fishing in 1993. In 2006, an estimated 5,561 ± 666 anglers spent
11,122 ± 1,333 hours fishing. In 1993, anglers caught 521 ± 296 fish with a catch
rate of 0.5 ± 0.4 fish/hr. In 2006, anglers caught an estimated 18,098 ± 2,768 fish
with a catch rate of 1.5 ± 0.4 fish/hr. Total angler catch of bluegill and largemouth
bass increased from 0 prior to rehabilitation to 11,349 ± 1,787 and 5,187 ± 1,029,
respectively (Table 2). Estimated catch of channel catfish increased (57%) in postrehabilitation surveys with the mean weight increasing from 0.2 kg (harvest weight
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Table 1. Mean catch per unit effort (CPUE) (± SE) for bluegill, largemouth bass,
and channel catfish collected in Cottonmill Lake, Nebraska, during standardized
population sampling before and after rehabilitation. Means for each gear type that
are followed by an * are significantly different (p < 0.05).
CPUE
Species

Gear

Effort

1995

2003

Bluegill

Trap net

4 net/nights

1.5 ± 0.9

28.3 ± 7.4*

Largemouth bass

Electrofishing

4115 minute stations

8.0 ± 0.5

496.0 ± 5.8*

Channel Catfish

Gill net

2 net/nights

7.5 ± 2.5

34.0 ± 15.0

Table 2. Estimated angler trips, hours fished, number of parties and anglers
interviewed, catch rate for all species, and the number of bluegill, largemouth bass,
and channel catfish caught in 1993 and 2006 at Cottonmill Lake, Nebraska.
1993

2006

Estimated angler days

394 ± 164

5,561 ± 666

Estimated angler hours

503±210

11,122±1,333

8

202

Measured Variables

Parties interviewed

11

454

0.5/h ± 0.4

1.5/h ± 0.4

0

11,349 ± 1,787

Number oflargemouth bass caught

0

5,187 ± 1,029

Number of channel catfish caught

450 ± 310

658 ± 147

Anglers interviewed
Angler catch rate (for all species)
Number of bluegill caught

102 ± 65 kg/numberharvested 450 ± 310) to 0.7 kg (131 ± 41kgl 181 ± 60). In 1993,
there were only two species of fish caught by anglers, channel catfish and common
carp. In 2006, five species were recorded in the angler catch: channel catfish,
largemouth bass, bluegill, crappie (Pomoxis spp.), and northern pike (Esox lucius).

DISCUSSION
Lake rehabilitation projects have become a popular way of restoring a fishery
and increasing the lifespan of a lake. Cottonmill Lake was chosen for rehabilitation
because of the proximity to an urban area and potential to create a quality fishery.
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Raising funds for large-scale rehabilitation projects can be difficult; thus, it is
prudent to assess the outcome of these efforts. One goal of adding habitat
structures in an enhancement project is to improve angler catch rates (Tugend et al.
2002). Logically, an increase in angler catch rates increases the popularity of the
fishery and thus increases the economic benefits derived from the lake.
Our fish population sampling demonstrated a significant increase in bluegill
and largemouth bass relative abundance between pre- and post-project surveys
(Table I). Although not significant, channel catfish relative abundance increased
and the fish sampled were larger post-rehabilitation. Channel catfish are tolerant to
poor lake conditions (Hubert 1999), so were able to maintain a fishable population,
despite shallow lake depths (average depth < 0.7m), absent aquatic vegetation, a
high proportion of "rough fish," and poor water quality prior to lake rehabilitation.
After the rehabilitation, improved water quality and aquatic habitat contributed to
more channel catfish and a larger average size. Alternatively, largemouth bass and
bluegill have been shown to decline in impoundments with the presence of
common carp (Forester and Lawrence 1978, Baur et al. 1979), thus, they were only
able to maintain a low relative abundance before the rehabilitation. After the
project, their relative abundance as measured by CPUE increased significantly.
Creel survey results indic<fted a substantial increase in the number of angler
days and angler hours during May and June (Table 2). From 1993 to 2006 the
estimated number of angler days increased by 5,167 days (1,300%) and the
estimated angling hours increased by 10,619 hours (2,100%). Along with increased
fishing pressure, the angler catch increased substantially. These results were
much higher than noted in a comparison of pre- and post-creel data from a
restoration project on a backwater area of the upper Mississippi River, which had
an increase of 58% in angler efIort and 117% increase in angler catch (Gent et al.
1995). A similar study on Lake Kissimmee, Florida, found no significant difference
between pre- and post-data for electrofishing and creel data (Allen et al. 2003). The
smaller size and poor pre-project habitat of Cottonmill Lake, along with the close
proximity to a large human population base might explain the improved response
observed in our project. Ideally more data could have been collected pre- and
post-rehabilitation to base our analysis, but the dramatic difference in biological
and creel survey results confirmed the success of the project.
A standard approach to assess the success or failure of a project is to
analyze the derived economic benefits. The average angler fishing in Nebraska in
2006 spent $66 per day of fishing (United States Fish and Wildlife Service 2006).
Extrapolating the estimated number of angler days in May and June provides an
estimate of $26,004 spent in 1993 compared to $367,026 in 2006. The difference
would be greater if we corrected for inflationary changes between 1993 and 2006.
The rehabilitation of Cottonmill Lake cost approximately $1.5 million dollars. The
estimated expenditures by anglers at Cottonmill Lake should surpass the lake
restoration costs in a few years.
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Overall, the lake rehabilitation project at Cottonmill Lake was successful. A
cooperative effort of several coordinating entities from state, city, and local levels
resulted in successful funding, planning, and completion of a $1.5 million lake
restoration. We were able to rehabilitate a poor lake environment, supporting low
public use, by excavating sediment, constructing shoreline improvements (e.g., jetties),
and building islands to create a high quality aquatic environment capable of supporting
a popular and high-use sport fishery. Fish population response was exceptional, with
Cottonmill Lake now supporting excellent populations of largemouth bass, bluegill, and
channel catfish that are sought highly and used by anglers. Fish population and angler
survey information have documented substantial improvements in fish populations
and angler use. In addition to fishery benefits, clear water and improved aesthetic
conditions resulting from the project have promoted many activities such as boating
and wildlife viewing at Cottonmill Lake.
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Paddlefish Egg Deposition in the
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ABSTRACT -- We used passive egg collectors during May, June, and July of2003
and 2004 in the lower 50 river kiiometers (rkm) of the Yellowstone River, eastern
Montana and western North Dakota, to detect egg deposition by spawning
paddle fish (Polyodon spathula). Sampling yielded 292 eggs (46 in 2003 and 246 in
2004). All egg collections in 2003 occurred on the descending limb of the spring
hydrograph but 99% of egg collections in 2004 occurred before the spring
hydrograph began to descend. Catch-per-unit-effort (CPUE) in 2004 was about
four times that of 2003. A combination of river conditions, in addition to rising or
falling discharge levels, might have influenced the difference in timing of egg
deposition between years. Water temperatures at time of peak egg CPUE were near
17.0°C in both years; however discharge and sediment levels were different.
Although our study did not attempt to describe the entire spatial range of egg
deposition, more eggs were found in lower reaches (rkm 13.7 and rkm 26.5) than in
upper reaches (rkm 37.0 and rkm 40.2) of similar habitat character. The presence of
adequate spawning substrate in the lower 27 rkm of the Yellowstone River might
encourage egg deposition and successful paddlefish spawning if annual spring
flood-pulses persist.
Keywords: paddlefish, Polyodon spathula, reproduction,
Yellowstone River.

spawning,
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The paddlefish (Po/yadon spathu/a) is widely distributed in major rivers of
the Missouri and Mississippi basins and select Gulf Coast drainages of the United
States (Gengerke 1986). During the past 100 years, the species has been extirpated
in four states and has declined in several others. Loss of spawning habitat has
been implicated as a major cause of many declines (Graham 1997). Although
several states have artificially propagated paddlefish (Graham et al. 1986), locating
and preserving the remaining spawning habitat for wild fish are essential for the
long-term survival of the species (Carlson and Bonislawsky 1981).
Several studies have used radio-telemetry and mark-recapture techniques to
locate paddlefish spawning congregations (Moen et al. 1989, Stancill et al. 2002,
Firehammer and Scarnecchia 2006). The strongest documented evidence of
spawning is the visual observation by Purkett (1961), who observed a spawning
'rush' over inundated gravel bars in the Osage River, Missouri. Eggs and larvae
subsequently were collected after receding water levels exposed the gravel bars.
When fertilized, paddlefish eggs develop an adhesive coating, lose buoyancy,
adhere to hard substrates, and typically hatch in seven days at water temperatures
of about 16°C (Russell 1986).
A combination of environmental factors including discharge, suspended
sediment, and water temperatLlt'e are thought to provide cues for migration and
spawning of paddlefish (Pasch et al. 1980, Paukert and Fisher 200 I, Firehammer and
Scarnecchia 2006). In northern populations, upriver migration of mature paddlefish
and subsequent spawning typically is associated with increasing discharges,
increasing suspended sediment levels, and water temperatures of 14 to 20°C
(Firehammer and Scarnecchia 2006, Miller and Scarnecchia 2008). If an appropriate
combination of these factors does not occur, female paddlefish might fail to spawn
and reabsorb their eggs (Russell 1986, Scarnecchia et al. 2007).
Although congregations of paddlefish might be indicative of spawning sites
and times, direct observation of spawning and collection of eggs or larvae are more
reliable means of confirming spawning events. In most cases, the spawning season
coincides with periods of high and turbid flows, making direct observations difficult
(Russell 1986). Instead, most researchers have collected larvae and eggs to locate
spawning areas and document spawning success (Pasch et al. 1980, Wallus 1986).
The Yellowstone River (YR) in eastern Montana and western North Dakota is
one of few major quasi-natural spawning areas remaining within the species'
geographic range (White and Bramblett 1993; Fig. I). Penkal (1981) reported 14
paddlefish eggs collected from an 8 km reach of the YR below the Intake Diversion
Dam in 1980. Firehammer et al. (2006) collected 84 genetically identified paddlefish
eggs at YR river kilometer (rkm) 9.5 and YR rkm 13.5 (where numbers refer to
kilometers above the mouth). During the mid 1990's, Gardner (1996) conducted four
years of larval paddlcfish sampling in the 10wernlOst 114 rkm to the confluence with
the Missouri River (a site hereafter referred to as the Confluence) and caught a total
of 266 larvae at eight locations.
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Figure 1. Map of the study area, eastern Montana and western North Dakota.
The hatched area indicates that portion of the river sampled for paddle fish eggs in
2003 and 2004.

Paddlefish larvae might move downstream at speeds similar to ambient flows
(Wallus 1986). Thus, although larval capture is useful in confirming general
spawning areas, egg collection at deposition sites can more accurately identify
specific spawning locations. Our study described an effort to identify paddlefish
egg deposition in the lower YR during 2003 and 2004. We hypothesized that egg
deposition in the YR would not be limited to one area and that river conditions (i.e.,
discharge, suspended sediment, and water temperature) would be associated with
the timing of egg captures.
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STUDY AREA

Total length of the YR is 1,091 km from its headwaters in Yellowstone Park,
Wyoming to the Confluence in North Dakota. The drainage basin encompasses
182,325 km2 of Wyoming, Montana, and North Dakota (White and Bramblett 1993).
Large islands, side-channels, and irregular meanders characterize the lowermost 114
km. Sinuosity values range from 1.14 to 1.36 and slope is approximately 0.046%
near the Confluence. Gravels dominate the substrate in upper portions of the lowe)
river and give way to sandy bottoms and isolated gravel bars in the last 20 krr
(White and Bramblett 1993). The hydrograph typically is characterized by c
moderate discharge rise in March and April followed by a peak discharge in late
Mayor early June. Mean annual discharge near Sidney, Montana is approximately
362 m 3/s; maximum recorded instantaneous flow was estimated at 4,502 m 3/s on
June 2, 1921 (United States Geological Survey 2003).
Egg sampling was restricted to the lowermost 50 km of the YR for three
reasons. First, larval fish collections made by Gardner (1996) indicated most
paddlefish spawning occurs in this portion of the YR. Second, previous migration
studies (Firehammer and Scarn~cchia 2006) and harvest records (North Dakota
Game and Fish Department and Montana Department of Fish, Wildlife, and Parks,
unpublished data) suggested that during most years the majority of migrating
paddle fish ascend the YR rather than the Missouri River above the Confluence.
Third, it was not logistically practical with existing resources to sample both rivers
simultaneously.

METHODS

Our egg collectors consisted of a 0.75 m wide strip of furnace filter material
secured around PVC cylinders 0.75 m long and O.l5m in diameter (McCabe and
Beckman 1990, Firehammer et al. 2006). A 5.0 kg grappling anchor was attached 0.5 m
from one side of the cylinder with a 15 m buoyed float-line trailing the opposite side.
Egg sampling was delineated with a stratified random sample design. A
stratum was based on a specific morphological characteristic in which the main
channel was constricted into an hourglass shaped riffle-pool sequence. Dredging
indicated that these areas provided an abundance of gravel and cobble, substrates
previously shown to provide incubation sites for paddle fish eggs (Purkett 1961,
Firehammer 2004). Four strata were identified and transects within these areas were
then sampled at random. Egg collectors were deployed at YR rkm 9.7, 13.7,22.5,
26.5, 37.0, and 40.2 from 19 May to 1 July 2003. A typical set of collectors
consisted of three collectors evenly spaced perpendicular to the shoreline across
the width of the channel with three remaining collectors set in a similar fashion 50
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m downstream. Effort at each stratum was increased in 2004 in an attempt to
increase the number of eggs collected. Sets of six to twenty collectors were
deployed at rkm l3.7, 22.5, 26.5, and 40.2 from 25 May to 2 July 2004.
Depth and time at deployment were recorded for each set of collectors. Due
to logistical constraints, deployment of collectors varied from 24 to 72 hours.
However, during periods of rapidly increasing discharge, collectors were set for a
maximum of 24 hours to avoid entanglement in river debris.
Collectors were inspected visually for the presence of eggs immediately after
retrieval. Potential paddlefish eggs were distinguished from most other species by
their distinct steel-gray coloration.
However, paddle fish eggs are visually
indistinguishable from sturgeon (Scaphirhynchus spp.) eggs (Pasch et al. 1980).
Therefore, potential paddlefish eggs were preserved in 80% ethanol and sent to the
National Fish and Wildlife Forensics laboratory in Ashland, Oregon, for genetic
identification.
A United States Geological Survey gauging station at YR rkm 47 recorded
daily river discharge and suspended sediment levels. Daily water temperatures
were recorded with a remote temperature data logger positioned near YR rkm 13.5.
Sampling effort (collector day) was calculated as the number of collectors
successfully retrieved from each'transect multiplied by hours set divided by 24.
Sample day was recorded as the date of retrieval. An attempt was made to set and
retrieve collectors on the same dates during 2003 and 2004; however, sampling
began approximately one week later in 2004. Collectors were reset immediately after
inspection.
Two sets of variables related to river conditions were recorded for each
retrieval day: 1) values of suspended sediment, water temperature, and discharge
recorded at the gauging station and the temperature logger on the day of collector
retrieval, and 2) the absolute value of the difference of these variables between the
day of retrieval and day of deployment. We hypothesized positive linear
relationships among suspended sediment, discharge, and egg catch-per-unit-effort
(CPUE), but a non-linear relationship between water temperature and egg CPUE.
Therefore, water temperatures were assigned a ranking based on the optimum
temperatures for paddlefish spawning reported in the literature (Pasch et al. 1980,
Wallus et al. 1990, Pitman 1991, Mims et al. 1999). Optimum temperatures in the
range from 16 to 18°C were assigned the highest rank (3). Temperatures two
degrees above or below the optimum were assigned the second highest rank (2).
Temperatures more than two degrees higher or lower than the optimum range were
assigned the lowest rank (1).
The non-normal distribution of the catch data and presence of both continuous
independent variables (discharge and suspended sediment) and an ordinal independent variable (ranked water temperature) did not allow for testing the data with
parametric regression models. Therefore, we treated egg CPUE as presence or
absence data and used step-wise logistic regression to test for associations
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hypothesis testing.

RESULTS
Spring discharge during 2003 peaked at 1,370 m3/s on 5 June (Fig. 2). Peak
discharge in 2004 ( 14 June) occurred nine days later than in 2003 and was
approximately half the magnitude (705 mJ/s) of the previous year (Fig. 3). Low flow
conditions were especially pronounced during May 2004 when mean daily
discharge (167.5 mJ/s) was at its lowest recorded level for May since 1961 (95 year
average = 512.0 m3/s).
Higher mean daily water temperatures were recorded during May and June
2003 (mean = 17.0°C) than in May and June 2004 (mean = 15.9°e). Suspended
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period during which paddle fish eggs were collected.
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sediment levels were greater in 2003 than in 2004 (Fig. 4 and Fig. 5). Mean daily
suspended sediment measurements for May and June 2003 (860.0 mg/l) were nearly
twice that for the same months in 2004 (433.0 mg/I).
Of the 57 acipenseriform eggs collected during 2003, 46 were identified
genetically as paddlefish and one as a sturgeon. Genetic differentiation of 10 eggs
was not possible. Of the 289 acipenseriform eggs collected during 2004, 246 were
identified positively as paddlefish and four as Scaphirhynchus spp. Genetic
differentiation of 31 eggs was not possible. All captured eggs exhibited an
adhesive coating and probably had been fertilized prior to adhering to the
collectors.
A four-fold increase in total egg CPUE was observed in 2004 (0.22 eggs
per collector-day) compared to 2003 (0.05 eggs per collector-day). In 2003,
transects at rkm 26.5 yielded the highest CPUE at 0.13 eggs per collector-day.
Sample transects at rkm 9.7,13.7,37.0, and 40.2 yielded CPUE values of 0.06,
0.09, 0.01 and 0.01, respectively. In 2004, transects at rkm 13.7 yielded the
highest CPUE at 0.41 eggs per collector-day. No paddlefish eggs were
collected from rkm 40.2 during 2004 (Table 1).
In 2003, all egg captures occurred during the descending limb of the spring
hydrograph (Fig. 4). However, debris in the river from 31 May to 4 June, 2003
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prevented sampling during this period. Egg CPUE peaked on 26 June when
discharge was approximately 580 m3/s and suspended sediment was 322 mg/l. Eggs
were first collected on 13 June shortly after discharge declined sharply from a peak
of over 1,360 m 3/s. Eggs were last captured on 1 July when discharge was 360 m 3/
s. In contrast to the 2003 season, 99% of eggs in 2004 were captured before the
spring hydrograph began to descend (Fig. 5). Egg CPUE peaked on 11 June when
discharge was approximately 500 m 3/s and suspended sediment was 1920 mg/l.
Eggs were first collected on 1 June when discharge was 201 m 3/s. Eggs were last
captured on 2 July when discharge was 391 m 3/s.
Mean daily water temperatures during the 2003 capture period ranged from
17.2 to 22.7°C. Peak CPUE occurred on 26 June when mean daily water temperature
was at its lowest point during the capture period (l7.2°C). The thermal regime
during the 2004 capture period exhibited a broader range of temperatures (14.4 to
22.2°C) than that of 2003. However, water temperature at peak CPUE in 2004
(l6.8°C) was similar to the temperature at peak CPUE in 2003 (l7.2°C).
Specific discharge, suspended sediment, and temperature characteristics were
associated with the highest paddle fish egg captures in both 2003 and 2004. In
most cases, egg captures occurred during periods of rapidly changing flows and
suspended sediment loads and <ieclining temperatures. In contrast, most catch
rates of zero were made during periods of stable river conditions (Table 2).
Significant, positive correlations existed between suspended sediment and discharge (N = 25, r = 0.54, P < 0.01) and between changes in discharge and changes
in suspended sediment (N = 25, r = 0.42, P = 0.037). Change in discharge (logistic
regression; p = 0.13) and change in temperature (p = 0.32) had stronger
associations with egg catches than did other measures of river conditions such as
ranked temperatures, discharges, suspended sediment, and changes in suspended
sediment (p > 0.40). However, none of the variables remained in the model at the
0.05 significance level.

DISCUSSION

The success of collecting paddlefish eggs (20 of 46 eggs in 2003 and 182 of 246
eggs in 2004) in the lowermost 13.7 rkm of the YR was consistent with previous
investigations. Gardner (1996) conducted larval paddlefish sampling in the lower YR and
reported the greatest larval densities below rkm 20. Firehammer et al. (2006) used a similar
egg collection technique as in the present study and collected 84 eggs at two locations
(YR rkms 9.5 and 13.7). They considered rkm 13.7 to be a probable egg deposition site
because the clumped distribution of eggs captured at this site indicated the eggs
likely were released by nearby females. In the first year (2003) of our study, however,
CPUE was highest upriver at rkm 26.5 rather than at rkm 13.7. Paddlefish egg
deposition probably also occurred at several other lower river locations.
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Summary of paddlefish and sturgeon egg collections from the
Yellowstone River, Montana and North Dakota during 2003 and 2004.

Table 1.

River
kilometer
9.7
9.7
13.7
13.7
22.5
22.5
25.0
25.0
26.5
26.5
37.0
37.0
40.2
40.2

Stratum Year

2
2
2
2
3
3
4
4
4
4

2003
2004
2003
2004
2003
2004
2003
2004
2003
2004
2003
2004
2003
2004

Number of
eggs
collected
II

0
20
IS2
0
0
0
12
13
52
I
0
1
0

Effort (collector-days)

176.4
0
22S.5
445.9
78.0
0
S1.1
132.3
97.5
366.9
IIS.3
0
S5.1
67.7

Eggs per collector-day (SE)

0.06 (0.13)
NA
0.09 (0.33)
0.41 (O.SS)
0.00
NA
0.00
0.09 (0.15)
0.13 (0.25)
0.14 (0.21)
0.01 (0.03)
NA
0.01 (0.19)
0.00

Results from our study indicated egg deposition following an increase in
spring discharge as previously suggested by Firehammer et al. (2006). However, a
definitive link between egg deposition and the timing and magnitude of the YR
hydrograph was difficult to establish. In 2003, for example, all paddlefish eggs
were collected on the descending limb of the hydrograph whereas in 2004 nearly all
eggs were collected on the ascending limb (Fig. 4 and Fig. 5). Several possible
explanations exist for this difference. First, the sampling might have failed to
adequately characterize the entire temporal range of spawning. This interpretation
is not supported, however, by larval paddlefish captures reported in a concurrent
study (Montana Department ofFish Wildlife and Parks 2005), where larval captures
peaked near the mouth of the YR 13 days after the peak egg CPUE observed in our
study. Given the range of water temperatures during this period and the outmigration distance between larval capture locations and egg capture locations, the
elapsed time between peak egg capture and peak larval capture is consistent with
hatching and drift times previously reported for paddlefish (Purkett 1961, Russell
1986). These data suggested that our collection of eggs did occur at the peak
period of the spawn.
A second possibility is that factors other than rising or falling discharges
such as temperature might have influenced the timing of egg deposition. For
example, water temperatures at time of peak egg CPUE were similar for both years
(17.2 in 2003, 16.8 in 2004), but discharge and suspended sediment levels were
substantially different. Water temperature might thus have a separate but critical
influence on the timing of spawning.
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Table 2. Association between presence or absence of paddlefish eggs and
changes in river conditions (~ discharge, suspended sediment, or temperature) in
the Yellowstone River, Montana and North Dakota during 2003 and 2004.
Sample Date

Year

Presence of
eggs (YIN)

II Discharge
(+1-)

II Suspended
sediment (+1-)

II Temperature
(+1-)

+
+

+
+
+

23 May

2003

N

27 May

2003

N

30 May

2003

N

+
+
+

N/A

N/A

N/A

+

+
+

5 June

2003

N/A

10 June

2003

N

13 June

2003

Y

+

17 June

2003

N

no change

20 June

2003

Y

26 June

2003

Y

1 July

2003

Y

23 May

2004

N/A

28 May

2004

N

I June

2004

Y

5 June

2004

Y

8 June

2004

N

II June

2004

Y

15 June

2004

N

no change

23 June

2004

N

28 June

2004

Y

2 July

2004

Y

+
+
+

no change

•

+

+

N/A

N/A

N/A

+

+

+

+
+

+

+
+

+
+

A third possibility is that a change in discharge reached an appropriate
threshold to cue spawning, and subsequent discharge levels were of less
importance. In this scenario, the hydro graph continued upward after spawning
occurred in 2004, whereas it descended after spawning occurred in 2003. The
direction of the hydrograph when the eggs were sampled would therefore not be of
any causal significance.
A fourth possible reason that egg captures occurred on the hydrograph
ascendancy in 2004 but the decendancy in 2003 is that an initial rise in discharge
might not result in immediate, complete spawning. Fractional spawning has been
reported in paddlefish (Friberg 1972) and fish might not have completed spawning
before discharge began to drop in 2003.
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We observed greater egg CPUE in 2004, a low-flow year, than in 2003, a
high-flow year. These results contrast with previous research (Wallus 1986)
suggesting better paddlefish reproduction in high-flow years than low-flow
years. The four-fold increase in egg CPUE observed in 2004 might have been
the result of more efficient sampling during a year of lower peak flow. Lower
water levels in 2004 might have encouraged paddlefish to spawn in fewer areas
rather than in widespread areas where perhaps no collectors were deployed.
Moreover, effort was considerably less (80 collector-days versus 226 collectordays) during the five day period of highest discharge in 2003 (June 2-6) than in
2004 (June II-IS). These differences were due to a larger amount of debris in
the YR during 2003 that dislodged and damaged many collectors during peak
flows.
Possibly greater reproduction actually occurred in 2003, the high-flow year,
but was not limited to areas below YR rkm 50. Distributions of telemetered
paddle fish from a concurrent study (Miller and Scamecchia 2008) did not indicate
substantial congregations of fish below YR rlan 50 during the period of highest egg
collections in either year. In 2003, 70% of all telemetered paddlefish were contacted
in the Missouri River above the Confluence (MRAC), not the YR during this
period. Likewise, only one telemet~red female was contacted within 20 rkm of egg
sample transects immediately preceding or during the four day period of highest
egg CPUE in 2004. In addition, juvenile monitoring along standard transects in the
headwaters of Lake Sakakawea observed higher densities of young-of-year
paddlefish in 2003 (87 fish) than 2004 (30 fish; North Dakota Game and Fish
Department, unpublished data).
Future research should also consider the
reproductive contribution of fish entering the MRAC in addition to fish entering
the lower YR.
Results from our study provided useful base-line information for
future studies on paddlefish reproductive ecology. First, total egg catches
(292 eggs), though low in comparison to catch rates of other life stages,
were higher than documented in previous studies on paddlefish egg
collections in the YR and elsewhere (e.g.,17 eggs, Pasch et al. 1980; 14
eggs, Penkal 1981; 41 eggs, Wallus 1986; 84 eggs, Firehammer et al. 2006).
This suggests that the tubular egg collectors described by Firehammer et
al. (2006) are an effective gear for collecting paddlefish eggs in the YR.
Second, results did confirm greater egg deposition in lower reaches (rkm
13.7 and rkm 26.5) than in higher reaches (rkm 37.0 and rkm 40.2) with
similar habitat characteristics. Third, our results showed an association
among changes in river conditions (discharges, suspended sediment
levels, and water temperatures) and egg catch rates. Further study of this
relationship would provide beneficial information for the long-term perpetuation of the Yellowstone River-Lake Sakakawea paddlefish population
and paddlefish populations elsewhere.
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NOTES
NEST SITE PREFERENCE AND NESTING SUCCESS OF UPLAND SANDPIPER ON GRAZING SYSTEMS IN EAST CENTRAL NORTH DAKOTA-The upland sandpiper (Bartramia longicauda) breeds and nests throughout North
Dakota's Prairie Pothole Region (PPR). It nests in mixed and tallgrass prairies, wet
meadows, former croplands, hay fields, and sometimes in grain fields (Johnsgard
1979). However, as with many species of grassland nesting birds, the population
of upland sandpipers has declined as native prairies have been reduced drastically
(Johnsgard 1979). In 1986 the North American Waterfowl Management Plan
(NA WMP), a cooperative venture between Canada and the United States, set forth
an international habitat and species management strategy to help restore waterfowl
populations. The plan includes private and public partnerships to help finance
research and management projects on both public and private lands. The 2.2
million-ha Chase Lake Prairie Project (CLPP) and the 24.6 km 2 Northern Coteau
Project are two such ventures. Some of the goals of NA WMP include promoting
conservation practices on farms. and ranches, protecting unique prairie ecological
systems, increasing duck populations, and increasing all prairie wildlife species.
The plan has provided incentives for farmers and ranchers to alter the timing of
grazing and harvesting grass.
Rotational grazing systems (RGS), one strategy for managing grasslands,
require ranchers to move their cattle throughout the range from one paddock to
another, thereby allowing formerly grazed paddocks to regenerate. This is
beneficial in a number of ways: overgrazing is reduced, cattle weight-gains are
improved, suitable nesting cover for ground nesting birds is produced, and the
overall health of the grassland is enhanced (Sedivec and Barker 1991). The
objectives of my study were to investigate nesting success of the upland
sandpiper as a function of grazing regime. Specifically, I was interested in
comparing nesting success between RGS and non-rotational grazing systems
(NRGS) and to examine relationships between nest site locations and vegetative
cover heights and densities. Therefore, I hypothesized that no differences existed
between nest site preference and nesting success of the upland sandpiper within
RGS and NRGS.
During the summer of 1997, three pairs of treatment/control grazing systems
were evaluated within the CLPP in Stutsman County, North Dakota. Study sites
were located in the Missouri Coteau, a glacial moraine that bisects North Dakota
from the southeast to the northwest comers of the state. The area was within the
PPR and was characterized by rolling topography and abundant wetlands. Each
treatment/control pair included an RGS (treatment) and a NRGS (control) area.
These systems were paired based on soil and wetland types, vegetative composi-
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tion, topography, and surrounding land use. They differed in grazing scheme in
that RGS allowed for controlled livestock grazing while NRGS were grazed
continuously.
Nests were located during three nest searches beginning the first week of
May and ending the first week of July on 462 upland ha of RGS and 398 upland ha
of NRGS. All grazing systems contained randomly located 16.2 ha (40-acre) plots
from which nest searches were conducted. Each RGS contained as many as eight
plots while NRGS contained four. Two people, each operating a four-wheel drive
all-terrain vehicle and dragging a 30-m chain between the vehicles, searched each
plot. Searches were conducted between 0800 and 1400 eDT. Each located nest
was marked with a one-m long, white fiberglass rod placed into the ground eight m
north of nest-bowl center. Incubation stages were determined by floating eggs in
water and referring to a float chart (Westerkov 1950). Nests were monitored every
10 days until it was determined that the nest was successful (hatched) or
unsuccessful (destroyed, abandoned, or non-viable). At such times, nests were
recorded as completed. Methodology used for nest searches, data collection, and
analyzing nest site data are reviewed by Klett et al. (1986).
Visual obstruction readings (VORs) were obtained at each nest site (Robel
et al. 1970). Included with the oota was a determination of dominant nest site
vegetation (site name), plant community type, and litter depth. Site names were
determined by classifying it to one of 13 types. Plant community types were
determined by classifying it to one of 25 types within three different categories:
shrub, grass, or wetland types (modified from Stewart and Kantrud 1971,
Hegstad 1973). To identify nesting cover densities of nest sites, individual
means of nest site VORs were used to set up arbitrary classes: Cover Class I =
nests located in cover from 0 - 4.9 cm in height; Cover Class II = 5.0 - 9.9 cm;
and Cover Class III = ::::: 10 cm.
Available cover was evaluated from transect measurements.
Transect
measurements were obtained by recording VORs, site names, and community types
from each 16.2 ha (40-acre) plot. These measurements were collected in May
(before nest searching began) and in late June. A plot comer was selected
randomly and 25 paces (50 steps) were counted at a 45-degree angle from each
plot-comer to get fully inside the plot. Visual obstruction readings were collected
and site names and plant community types were assigned at the location of the
25th pace. A compass bearing was selected from a table of random numbers and,
at that azimuth, 11 additional sets of aforementioned measurements were collected
at every 10th pace (20 steps) for a total of 12 stops. Proportions of identified cover
classes to total available cover were calculated for each grazing system (Table 1).
Additionally, the percentage of upland sandpiper nesting in the identified cover
classes also was calculated.
Mayfield nest success estimates were calculated for both grazing systems
(Mayfield 1961, Klett et al. 1986). Apparent nest success and densities also were
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Table 1. Percent of total available cover by cover class, and number of upland
sandpiper (Bartramia longicauda) nests in rotational grazing systems (RGS) and
non-rotational grazing systems (NRGS), east central North Dakota.
Cover Class

Cover Class I (0 - 4.9 em)
Cover Class II (5.0 - 9.9 em)
Cover Class III (2: 10 em)

RGS

NRGS

% Cover

# Nests

% Cover

# Nests

24.7%
36.1%
39.2%

I
10
6

44.8%
25.1%
30.1%

0
2
2

calculated. Using SYSTAT (1998), Pearson chi-square tests were performed to see
if significant differences in nesting success of birds in each cover class could be
detected between RGS and NRGS. As a result of an overall low sample size of
nests (N = 21), computed significance tests were suspect. To compensate for this,
Yate's corrected chi-square tests were performed. Furthermore, as a result of a
small sample size of nests in Cover Class I from RGS (N = 1) and from NRGS (N= 0),
significance tests were not perfofmed. A total of 21 upland sandpiper nests were
located (17 nests on RGS, 4 on NRGS). Mean clutch size was four and mean
number of eggs hatched was three. Dates nests were located ranged from 28 May
to 4 July. Mean initiation date was 3 May. The earliest successful nest occurred
on 17 June and the latest occurred on 22 July. Nest densities on RGS were
approximately 0.04 nests per ha and were about 0.01 nests per ha on NRGS.
A total of 17 nests were located on RGS. Eleven nests hatched for an
apparent nesting success of 64.7%. Mayfield nesting success on RGS was
41.2%. Five nests were depredated accounting for 29.4% of the nests. One
nest was abandoned accounting for 5.9% of total nests located on RGS. A
total of four nests were found on NRGS. No nests hatched for an apparent
nesting success of 0%. Mayfield nesting success on NRGS was 0.09%. Two
nests were depredated and two were not relocated for 50% each of total nests
found on NRGS. In RGS, one bird (5.9%) chose to nest in Cover Class I, 10
birds (58.8%) nested in Cover Class II, and six birds (35.3%) nested in Cover
Class III (Table 1). In NRGS, zero birds nested in Cover Class I, two birds
(50%) nested in Cover Class II, and two birds (50%) nested in Cover Class III
(Table 1). Pearson chi-square and Yate's corrected chi-square results comparing nesting success in Cover Class II between RGS and NRGS were insignificant (p = 0.12, P = 0.44, respectively). Similar results were obtained when
successfully and unsuccessfully hatched nests in Cover Class III were
compared between each grazing system (p = 0.10, P = 0.41, respectively).
Results of my study suggested that the upland sandpiper is more successful
at hatching clutches of eggs on RGS. Indeed, of 21 nests located, only four were
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found on NRGS. Admittedly, my sample size of 21 nests is small and, as a
consequence, a significant difference of nesting success between the two grazing
systems could not be statistically shown. However, my study indicated that
upland sandpipers might favor specific cover types for nest sites and also
appeared to select nesting sites on less disturbed grasslands. Cover Class II, the
cover class most preferred by nesting upland sandpiper on RGS, was the second
most abundant cover type (36.1 % of total available cover) and represented 58.8%
(10 nests) of 17 total nests located. Conversely, Cover Class II was the least
represented cover type in NRGS (25.1 % of total available cover), yet 50% of located
nests were found there. This might give credence to the less disturbed cover types
characteristic of RGS and perhaps is a reason for overall low nest density within
the more disturbed NRGS. Furthermore, in both RGS and NRGS, Cover Class III
seemed to be a significant cover class as well, suggesting its importance as
secondary nest site habitat.
While I cannot statistically show that the upland sandpiper is more
successful at hatching clutches of eggs on RGS, field observations provide
insights to the validity of these grazing systems as conservation and wildlife
habitat management tools for managing range grasslands. RGS might be more
suitable and beneficial for nesting-upland sandpiper and waterfowl during some
years. RGS VORs, for example, were shown to be greater than NRGS VORs
obtained during a dry spring (Murphy et al. 2004).
This adaptive resource management approach appeared valuable to not only
prairie ecological system diversity, but for ranchers and livestock as well.
Moreover, from a wildlife management perspective in which improving conditions
for grassland-nesting avifauna is a goal, results from my study suggested that
grazing system grasslands be managed for not only species-specific habitat, but
nest site preferences as well.
This research project was made possible by the United States Geological
Survey, Northern Prairie Wildlife Research Center, Jamestown, North Dakota; the
United States Fish and Wildlife Service; Ronald E. McNair Postbaccalaureate
Achievement Program of the University of North Dakota, Grand Forks, North
Dakota; University of North Dakota Biology Department; and Darrell J. Schindler,
who graciously helped me with study design and data collection while we worked
on his graduate study.--Blane A. Klemek, 14319 452nd Street, Becida, MN 56678.
E-mail address:bklemek@yahoo.com
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SEMI-MELANISTIC WHITE-TAILED DEER IN NORTHERN WISCONSIN
-- Melanistic color morphs of white-tailed deer (Odocoileus virginianus) are
differentiated from other recognized color morphs by having uniform black hairs on
the dorsal surface with subdued black hairs on the ventral surface, dark face and
ears, a distinctive mid-dorsal stripe extending from the head to the apex of the tail,
and a tail with black dorsally and white ventrally (Baccus and Posey 1999).
Melanism results from the overproduction of the skin pigment melanin and is
considered rare in white-tailed deer populations (Severinghaus and Cheatum 1956,
Sauer 1984, Smith et al. 1984).
Semi-melanistic deer have the same dark pelage colors as melanistic morphs,
but patterns of white hairs are the same as those of normal color morphs (Baccus
and Posey 1999). No literature records of melanism in white-tailed deer existed
prior to 1929 (Seton 1929). Melanism has since been documented in north-central
and southern Wisconsin (Anonymous 1948, Wozencraft 1979), South Carolina
(Rue 1978), Michigan (Rue 1978), Texas (Smith et al. 1984, Baccus and Posey 1999),
and Pennsylvania (D'Angelo and Baccus 2007). Semi-melanistic deer have been
documented in New York (Townsend and Smith 1933), Idaho (Severinghaus and
Cheatum 1956), and Texas (Bac(}us and Posey 1999). Herein, we report records for
two semi-melanistic adult deer in northwestern Wisconsin.
On 9 and 19 September 2007 an adult (2 2.5 years of age) female and
yearling (1.5 years of age) male white-tailed deer were photographed by a
landowner using trail cameras (i.e., Bushnell Trail Scout Digital Trail Camera 2.1
MP with Night Vision) on private property approximately 0.5 km west of County
Highway Wand approximately 2.0 km south of Oliver in Superior Township,
Douglas County, northwestern Wisconsin (Latitude: 46.66N, Longitude:
92.19W). Superior Township is located in Wisconsin's Northern Forest Deer
Management Region (NFDMR). The NFDMR is comprised of approximately
38,850 km 2 of white-tailed deer range (i.e., all permanent cover including forest,
woodlots, brush-covered land, or marsh 2 4 ha in size); 45 white-tailed deer
management units (DMUs) occur within this region. Most DMUs within this
region were > 80% forested by northern hardwoods (Acer spp., TWa sp.,
Fraxinus sp.), quaking aspen (Populus tremuloides), balsam fir (Abies
balsamea), pines (Pinus spp.), and swamp conifers including black spruce
(Picea mariana) and tamarack (Larix laricina; Wisconsin Department of
Natural Resources 2001). Primary land use is forestry and topography is
moderately rolling hills with land elevations ranging from 183 to 594 m above
mean sea level (Wisconsin Department of Natural Resources 200 I).
The landowner submitted the photographs to the Wisconsin Department of
Natural Resources for examination within 24 hours of retrieval. Based on
morphological characteristics of melanistic and semi-melanistic deer (Baccus and
Posey 1999), we classified these white-tailed deer as semi-melanistic.
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The adult female white-tailed deer generally had a blackish slate-colored
pelage dorsally and ventrally and was mottled with normal colored pelage on lateral
surfaces, front and rear legs, dorsal surfaces of the ears, the head and muzzle, and
the dorsal surface of the tail. The darkest region of coloration was the mid-dorsal
stripe extending from the dorsal surface of the neck to the base of the tail. Patterns
of white hairs were similar to those of typical white-tailed deer, including a white
throat and underparts with areas of white extending across the nose, encircling the
eyes, marking the insides of the legs and ears, ventral surface of the tail onto the
anal region and as small tufts next to tarsal and metatarsal glands, and ventrally
across the chest and abdomen.
The yearling male was characterized by dark gray colored pelage dorsally and
laterally with normal colored pelage on the front and rear legs, dorsal surfaces of
the ears, and the head and muzzle. The darkest regions of coloration were middorsal and mid-ventral stripes extending from the dorsal surface of the neck to the
scapula and from the ventral surface of the neck below the throat patch to the
chest. A predominance of white hairs on several distinctive areas of the body
(muzzle, ventral surface ofthe ears, medial surfaces ofiegs, eye ring, throat, ventral
surface of the tail, small tufts next to tarsal glands, and ventrum) were similar to
typical white-tailed deer pelage.
Occurrence of melanistic (and semi-melanistic) color morphs in mammalian
populations varies both spatially and temporally, and generally is considered rare
(Baccus and Posey 1999). We ruled out the Wisconsin white-tailed deer as another
species of deer (fallow, Dama dama; and sika, Cervus nippon) with dark color
morphs by two definitive characteristics of white-tailed deer: presence of white
coloring on the ventral surface of the tail and antler structure.
Observations of melanistic color morphs are unusual in free ranging whitetailed deer populations. For instance, Burt (1946) and Ryel (1963) reported no
melanism in Michigan deer populations. Melanism was first documented in whitetailed deer popUlations in northern Wisconsin in the 1940's (Anonymous 1948) and
again in southern Wisconsin during 1976 (Wozencraft 1979). Semi-melanistic color
morphs have not been documented previously in Wisconsin white-tailed deer,
despite the fact that more than 2.3 million state residents have annually observed
white-tailed deer in Wisconsin during the past 10 to 15 years (Wisconsin
Department of Natural Resources 1998). Moreover, melanistic white-tailed deer are
not protected from hunter harvest and more than 900,000 deer hunters annually
pursue white-tailed deer in Wisconsin.
However, despite annual harvests
exceeding 500,000 white-tailed deer in recent years (Wisconsin Department of
Natural Resources 1998), no melanistic or semi-melanistic white-tailed deer have
been reported previously. Reports of only two similar color morphs during the past
60 years further confirm the rarity of these animals.
Observations of individual litters with melanistic and non-melanistic fawns
suggest a genetic role for melanism in deer populations (Baccus and Posey 1999).
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Melanistic white-tailed deer are thought to show recessive inheritance. Involvement of
modifying genes also has been suggested (Severinghaus and Cheatum 1956, Rue 1978)
with as many as six primary allelomorphic genes determining melanism in deer (Proto
and Searle 1978). Distribution of black-brown color morphs in melanistic deer is
continuous, indicating that different genes act to produce dark or completely black hair
coats (Searle 1968). Polymorphism in melanistic mammals is known to result in various
brown-black-gray color shades (Searle 1968). Hence, semi-melanistic white-tailed deer
in Wisconsin suggested that sufficient genotypic variation existed to produce
melanistic or semi-melanistic color morphs in certain white-tailed deer and nonmelanistic color morphs in other white-tailed deer. Interestingly, the semi-melanistic
female white-tailed deer also was observed with one non-melanistic fawn (i.e.,
presumably her offspring). Moreover, the described yearling male also was observed
at the same trail camera location as the adult female and her non-melanistic fawn. It is
unknown if the yearling male and adult female were related, although this seemed likely
given the rarity of semi-melanism. Because two semi-melanistic white-tailed deer
currently inhabit this area, possibly additional melanistic or semi-melanistic white-tailed
deer are present or will be produced in the future. We do not think these occurrences
will influence white-tailed deer population dynamics or future white-tailed deer
Nevertheless, we consider these cases
management decisions in Wisoonsin.
interesting incidents that warranted documentation given the paucity of information on
melanism in the ecological literature.
We thank Eric Rude for collecting and providing photographs of individual
white-tailed deer, and Lonnie P. Hansen, R. W. Klaver and M. 1. Tonkovich for
providing helpful comments on earlier drafts of our manuscript.--Christopher N.
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river discharge
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South Dakota
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survival probability
Texas homed lizard
Tympanuchus cupido
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THE COVER AND ITS ARTIST

The range of the black-footed ferret (Mus tela nigripes) once extended
across twelve u.s. states, two Canadian provinces and northern parts of Mexico.
Due to loss of grassland habitat, eradication programs for prairie dogs (its chief
food source), and sylvatic plague, the black-footed ferret is now found on only
2% of its native range. As recently as 1979 it was considered to be extinct, and
is still one of the most endangered mammals in North America.
In 1981 a small population of about 130 ferrets was discovered in
Wyoming. A captive breeding and reintroduction program was initiated.
Reintroduction sites in Wyoming, Montana, South Dakota, Colorado, Utah,
Arizona, New Mexico, and Kansas could help reestablish this mammal in its
former range.
Scott Caspers is currently a student in the Biology program at Fort Hays
State University. Art makes up a large part of his background and has always
been a passion of his, along with the natural world and all its wildlife. His
interests include conservation and preservation of nature for generations to
come. Scott plans to obtain a degree in either Zoology or Wildlife Management,
and then attend Veterinary School in the future. Featured on the cover are two
black-footed ferrets drawn in graphite.
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for families, $30.00 for libraries, and $40.00 for patrons. Life memberships are
available for $250.00, payable in 1 to 3 annual installments. Addresses outside of the
United States are charged an additional $5.00 for postage. All prices are in United
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the Great Plains Natural Science Society Newsletter. Correspondence concerning
memberships should be directed to Hilary Gillock, Assistant Editor, at the address
below.
Manuscript submissions and correspondence should be directed to
Christopher N. Jacques, Editor, The Prairie Naturalist, Wisconsin Department of
Natural Resources, 2801 Progress Road, Madison, WI 53716. E-mail address:
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found on The Prairie Naturalist web site at: http://www.fhsu.edu/biology/pn/
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